Angiocentric features are uncommon in high-grade World Health Organisation (WHO) brain tumours, whilst they are typical for WHO grade I tumours, e.g. angiocentric gliomas. We present an unusual glial tumour that occurred in a 59-year-old man. The tumour had equivocal radiologic and histopathologic features, especially a characteristic angiocentric pattern, low-to-moderate Ki67, and dot-like epithelial membrane antigen expression. The tumour did not show features characteristic for glioblastoma; however, it recurred as glioblastoma four months later. Based on this case, we show that high-grade WHO brain tumours may show an angiocentric pattern typical for low-grade WHO brain tumours, such as angiocentric gliomas.
Introduction
Angiocentric features are uncommon in high-grade WHO brain tumours and are more suggestive of low-grade WHO tumours, e.g. angiocentric gliomas (AGs) [1] [2] [3] . AGs are epilepsy-associated, benign neuroepithelial tumours that occur typically among children and young adults, and only rarely in adult patients [2, 3] . AGs grow slowly and display characteristic angiocentric structures composed of bipolar, spindled cells with no atypia and ependymal differentiation [2] [3] [4] [5] . AGs are considered curable with surgery; however, there were seven tumour recurrences from approximately one hundred tumours with angiocentric pattern described in the literature [4] .
We present an unusual malignant glial tumour with prominent angiocentric features, low Ki-67, and dot-like EMA expression, which occurred in a 59-year-old patient.
Case report
In April 2014, a 59-year-old man was admitted to the Emergency Department with tonic-clonic seizures. No brain tumour was revealed in contrast-enhanced computed tomography (CT). In December, dysphasia and sensory disturbances of the right upper limb were observed, and a second CT scan was taken. It revealed a small, heterogenously hyperdense haematoma surrounded by oedema. The initial radiologic diagnosis was haemorrhagic stroke. However, in subsequent magnetic resonance imaging (MRI) a tumour in the rear part of parietal lobe was shown (Fig. 1A-1B) . The coronal T1 WI showed a peripheral irregular ring enhancement around the area resembling necrosis. The T2 WI showed that the tumour was surrounded by a vasogenic oedema. The patient underwent a subtotal cranial tumourectomy; however, only a small part of the tumour was recovered for histopathological examination ( Fig. 2A-2B ).
In the histopathologic examination, the tumour was mainly composed of spindle pleomorphic cells with no mitotic activity. These cells formed characteristic pseudorosettes arranged around blood vessels. A wide variety of cellularity with areas of palisading schwannoma-like pattern was observed. The Ki-67/MIB-1 labelling index was low -up to 5% (Fig. 3B) . These features vouched for the diagnosis of angiocentric glioma (Fig. 3A) ; however, small foci of higher cellularity were found. In these areas, the tumour cells presented distinct nuclear atypia and a higher Ki-67/MIB1 labelling index of 6% to 8%, which indicated on higher grade (Fig. 3C ). Necrosis and microvascular proliferations were absent; however, the material from the surgery might have been underrepresented. Staining for epithelial membrane anti-gen (EMA), which is a marker for epithelial differentiation, revealed two different patterns. The first was diffuse and the second was dot-like and highlighted microlumens (Fig.  3D ). Immunohistochemical staining for glial fibrillary acidic protein (GFAP), epidermal growth factor receptor (EGFR), podoplanin (D2-40), S-100, and vimentin were positive, whilst stainings for synaptophysin, R132H-mutated isocitrate dehydrogenase 1 (IDH1), p16, and p53 were negative. Considering the unusual histology and the CT/MRI presentation, we suggested a diagniosis of malignant astrocytoma with angiocentric features.
The patient remained in a good condition for the next four months, but then he presented with partial paralysis of the right upper limb and speech disorders. The MRI showed a recurrent tumour with central necrosis surrounded by oedema with peripheral and irregular enhancement.
The patient was reoperated and sufficient material was obtained for the histopathological examination.
On histology, the lesion presented with a heterogeneous structure. There were fields with characteristic angiocentric features that corresponded to those of the primary tumour, but the neoplasm lost the expression of EMA (Fig. 3F) . Additionally, there were unequivocal glioblastoma areas with necrosis and microvascular proliferations (Fig. 3G-3H) . A few mitoses and multinuclear tumour cells were also found. The Ki-67/MIB-1 index was up to 30% in hot spots. The stains for GFAP, vimentin, and p53 were strong. Interestingly, S100 and D2-40 stains were inhomogeneous with no expression in the most poorly differentiated areas. Broad-spectrum cytokeratins were weakly positive only in small spots.
Following surgery, the patient presented with paresis of the right upper limb. Subsequently, he was qualified to The treatment tolerance was satisfactory. A control MRI after a second cycle revealed recurrence, and a salvage surgery was performed. Histopathological examination confirmed the diagnosis of glioblastoma. The patient died two weeks after the third surgery and 11 months after the first resection.
Discussion
We present an unusual astrocytoma with prominent angiocentric features, which recurred rapidly as an unequivocal glioblastoma. Our case shows that angiocentric features and dot-like EMA expression should not be considered as pathognomonic for angiocentric glioma and may be present in high-grade WHO astrocytomas.
On the one hand, the tumour presented with angiocentric areas, which were composed of bipolar cells of moderate atypia, and low Ki-67 index and expression of EMA. There was no microvascular proliferation and no necrosis. The immunohistochemical examination showed dot-like EMA expression and regular cytoplasmic expression of podoplanin (D2-40), both characteristic for ependymal differentiation [1] [2] [3] . The tumour was negative for expression of R132H-mutant IDH1, which vouched against WHO grade II or III astrocytoma [3] . On the first presentation, many microscopic findings suggested a benign nature of the lesion and corresponded with angiocentric glioma (WHO grade I) [2, 3] .
Conversely, the primary tumour had small areas of higher cellularity with nuclear atypia and higher Ki67 index, which suggested astrocytoma of higher grade. The age of the patient was not characteristic for AG [2] [3] [4] [5] . Finally, although the radiologic presentation was equivocal, it was suggestive of a high-grade glioma (Fig. 1A-1B) . Considering all aspects, we diagnosed the primary tumour as being suggestive of high-grade astrocytoma with angiocentric features probably arising from a low-grade astrocytoma. However, we could not exclude that the material was underrepresented in the first histopathological examination, and a true high-grade component was just not recovered for histopathology. Unfortunately, the problem with small resections is common in the diagnosis and management of brain tumours [2, 3] . Our diagnostic problems also show the value of a detailed radiological examination for the neuropathologist. Our patient progressed five months after surgery into a glioblastoma-preserving angiocentric component. This finally confirmed the malignant nature of the primary tumour, but the concerns during diagnosis raise the question of whether the tumour was primarily an anaplastic astrocytoma with angiocentric features or a glioblastoma with a lower-grade component with angiocentric features.
There are seven tumour recurrences from approximately 100 tumours with angiocentric pattern described in the literature [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Most of them had atypical histopathological findings like pleomorphism, mitotic activity, or high Ki-67 index and angiocentric pattern with ependymal differentiation. Three cases progressed to high-grade glioma without AG features [4, 7, 8, 11] . Two cases of high-grade gliomas with angiocentric features have been described [7, 8] . These few cases, including ours, raise the question of whether high-grade astrocytomas can mimic angiocentric glioma or if the progression of early undetected angiocentric glioma exists. We agree with the suggestions of Miyahara et al. that it would be reasonable to classify a new subtype of glial tumours as "anaplastic astrocytoma with angiocentric ependymal differentiation" [8] .
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